A total of 271 species of Mollusca from 5 classes, 26 orders, and 87 families were identified in the intertidal macrofauna survey along Kuwaiti coastal areas. A total of 36 sites along Kuwait's mainland and island areas were sampled quantitatively and qualitatively during late autumn and winter season from December 2013 to December 2015. Of the 271 species, 211 were collected alive; the Gastropoda (104 species) ranked first, followed by the Bivalvia with 100; three species were recorded for the Polyplacophora, and two each for the Scaphopoda, and Cephalopoda. As many as 61 species, notably the micro-molluscs, are probably new records for Kuwait and many of may also be new to science.
Introduction

Aims
There is a distinct lack of basic information on the species composition, abundance, distribution and conservation status of molluscs along the coastal mainland and islands of Kuwait, the last survey being in 1985. Since then Kuwait has experienced the First Gulf War when considerable environmental pollution was created and over the intervening years many coastal habitats have become threatened by coastal development and uncontrolled exploitation of natural resources.
In 2013, the first project to quantify the intertidal fauna of Kuwait was initiated with the aim of providing a baseline against • Comparisons with previous studies in Kuwait and Arabian Gulf.
• Taxonomic issues associated with this inventory
Past malacological studies in Kuwait
In this section it will be apparent that the available data on the Mollusca of Kuwait is sparse and has not been collected by comparable methods and has not used a consistent taxonomy. There are no quantitative data comparable with the present survey, the only similar study (Al-Bakri et al., 1985) had such poor taxonomic resolution that it is difficult to assess the data and no voucher specimens were retained; all other data are qualitative and involving both living molluscs and dead shells. As such these previous surveys serve primarily as checklists and any inferred changes in the Kuwait fauna are largely conjecture and anecdotal. However, this is all that is available and such information is referred to here but it should be stated that this survey is the only one that has used a consistent quantitative methodology along with general collecting.
Investigations of the intertidal Mollusca of Kuwait are few although the knowledge of the fauna of the Arabian Gulf and Arabian Sea is now quite extensive. Virtually nothing was recorded on the Mollusca from the eastern Arabian region until a long series of papers by James Cosmo Melvill and co-authors, that spanned the turn of the 19th and 20th centuries. Over a period of approximately 20 years 1618 species were identified from the Arabian (Persian) Gulf, Gulf of Oman and eastern Arabian Sea east to Bombay (Mumbai). (Melvill, 1928) . Following Melvill's last paper (1928) , there was a hiatus in molluscan research in the Arabian Gulf until the late 1950s, but even then, Kuwait did not figure largely with these studies (Biggs, 1958 (Biggs, , 1973 Biggs and Grantier, 1960; Smythe, 1972 Smythe, , 1979 Tadjalli-Pour, 1974) .
It is not until 1984 that the first checklist of the marine molluscs of Kuwait appeared (Glayzer et al., 1984) . They listed 230 gastropods, 5 chitons, 5 scaphopods, 144 bivalves and 1 cephalopod for a total of 385 species with 66 others not identified, thus suggesting a total of 451. This list is based on extensive collecting by dedicated amateurs over a lengthy period from as early as 1972 through to 1982. Both live and dead shells of collected specimens were listed inferring that both intertidal and subtidal species may be included. It was also noted that many of the smaller species were extracted from shell sand such that their original habitat was unknown.
In 1985 the first environmental assessment of the intertidal of Kuwait was published by the Kuwait Institute for Scientific Research (Al-Bakri et al., 1985) . This report listed 45 gastropods, 69 bivalves, 1 scaphopod, 1 chiton and 1 cephalopod (117 total). In 1986 a field guide to the intertidal fauna of Kuwait was published (Jones, 1986) . This guide did not attempt to be comprehensive, listing only the more common species. It included 41 gastropods, 1 chiton, 1 scaphopod, 48 bivalves and 1 cephalopod, for a total of 92 species. In 1995 an identification manual to the eastern Arabian fauna was published (Dance et al., 1995) but this volume did not specify records from Kuwait including Kuwait in the northern Arabian Gulf region.
Since then the only significant study has been that of Behbehani and Ghareeb (2002) . This study was initially published only as an internal Kuwait University Project Report and was not openly available. Given the timing of this survey (1997) (1998) (1999) (2000) (2001) , just a few years after the Gulf War of 2001 it is a valuable account on the state of the intertidal fauna after such a critical environmental event. This like most previous studies includes both live and dead shell records and is not truly quantitative although it does present relative abundance data. A total of 366 species were recognised in this study (Behbehani and Ghareeb, 2002) .
Materials and methods
Intertidal sampling
A total of 36 sites (Fig. 1, Table 1 ) were sampled, from Khor Al-Subiya in the north to the border with Saudi Arabia in the south, including 22 sites on the mainland areas and 14 sites on five offshore islands. Qualitative and quantitative samples were taken during late autumn and winter seasons from December 2013 to December 2015. The sampling dates (Table 1) and time for each site, where possible, coincided with the lowest tides (as near to 0 chart datum as possible) using the tide tables (Kuwait Port Authority, 2013 , 2014 . The maximum tidal range in Kuwait is 1.6 m but the shore topography of a shallow slope creates extensive intertidal flats to over a kilometre in length in the vicinity of Boubiyan Island.
Collection and preparation
The Mollusca were collected as part of a total macrofaunal survey employing both quantitative sampling and qualitative collecting (Al-Kandari et al., 2017) . Quantitative sampling methodologies followed Al-Bakri et al. (1985) and PERSGA (2004) . This choice was made primarily to give some comparison with Al-Bakri et al. (1985) but also to give a repeatable yet practical regime for future monitoring. It was realised that the quantitative sampling alone would not produce a complete or near complete inventory and thus qualitative sampling was also done. For quantitative sampling three replicate samples were taken at three tidal levels; low-, mid-, and high-tide zones for each site, thus a total of 972 samples were taken overall. For hard substrata, based on observed macrofaunal richness, a square plastic frame (quadrat) size was chosen from the different frame sizes (1 × 1 m, 50 × 50-cm, 25 × 25-cm, 10 × 10-cm and 5 × 5-cm) and placed over the representative habitat. All major macrofauna within the frame were counted and collected; for smaller biota all specimens within a 10 × 10-cm quadrat were counted. For soft substrata, a 25 × 25 × 15 cm metal box corer, was used. These samples were sieved with seawater using 0.5-mm mesh sieves, 45-and 75-cm diameter, and all sediment and organisms remaining were preserved with 5% buffered Formalin for subsequent picking and identification.
In addition macrofaunal molluscs were collected quantitatively from under rocks, among intertidal vegetation, and when necessary, burrows. Rocks containing biota were taken to the laboratory in seawater, photographed, and allowed to stand overnight without aeration. This process forced gastropods to leave their cryptic habitats and could then be collected from the bottom of the container. Specific sampling for smaller crustacean taxa (less than 5 mm) from selected cryptic habitats such as weeds, sponges, crevices, was made by Vladimir Grintsov and proved to be a productive method for finding micro-molluscs, gastropods in particular. The micro-mollusc data here is qualitative. Photographs were taken for all qualitative and quantitative samples.
Sampling was focussed on living molluscs alone for quantitative analyses and for total occurrence data. Dead shells were not targeted in any systematic way only those present in samples were noted. Studies such as those by Zuschin and Oliver (2003) , Garcia-Ramos et al. (2016) illustrate the potential value in estimating environmental change through the examination of taphonomic assemblages but this approach was outside the scope of this intertidal survey. All of the relevant data were recorded with each quantitative and qualitative specimen and/or sample, including date, location (transect), Global Positioning System (GPS) location, abundance, habitat (substratum), position (lower, middle, upper) within the intertidal zone, and any other associated information. The nomenclature used is that from MolluscaBase available at http://www.molluscabase.org. 
Habitat and specimens photography
For each site, photographs of the habitat and of selected individual specimens in the field were taken prior to collection. The molluscs were photographed primarily only as cleaned shells except for the nudibranchs that were photographed living in an aquarium.
Data description and statistical analysis
The combined list of species is a collation of species collected from each of the 108 quantitative samples (3 replicates averaged for each of the 3 samples × 36 sites) and all from qualitative sampling. If any species was identified in a quantitative sample, which was examined more closely than qualitative samples, it was added to the list of species occurring at that location. Mollusca data were analysed for all classes combined and separately for the dominant classes Gastropoda and Bivalvia. This was done to allow comparison with other studies that focus on single classes, primarily the gastropods, e.g. Al-Maslamani et al. (2015) . The total number of individuals that occurred overall and at each intertidal zone (high, middle and low) for each species was calculated. This raw abundance data was used to calculate ecological indices using the following methods.
To study the diversity of marine community, Species richness (Margalef 1958) was calculated as follows:
where S is the number of species and N the number of individuals for all species.
Diversity (H') was calculated using the Shannon-Wiener equation (Shannon and Wiener, 1949) :
where pi is the proportion of total sample belonging to ith species(Pi = n/N, n is the total number for ith species).
The Pielou's evenness index (Pielou, 1966) was calculated as:
where H ′ is the number derived from the Shannon diversity index and H ′ max is the maximum possible value of H ′ (if every species is equally likely), equal to:
J ′ is constrained between 0 and 1. The less evenness in communities between the species (and the presence of a dominant species), the lower J ′ is, and vice versa. S is the total number of species
To further compare the species compositions and diversities among different areas, the species composition data for both transects and at different zones were grouped into 11 areas based on their locations (Table 1 and Fig. 1 ) from north to south. Kuwait Bay (KB) was divided into two areas based on their different habitat as follows: (1) bay mud and (2) bay rock. The islands were not grouped because of their different habitat, location, and area size.
Identification
The identifications were based largely on Dance et al. (1995) but with the species nomenclature following MolluscaBase. The Table 1 Sampling locations and associated data. Clustering groups based on species composition and their location and characterisation of location for each transect.
Location
Site code 2 . The total number of molluscan species along the 36 transects from north to south arranged in grouping as in Table 1 and indicating shore types. Fig. 3 . The total number of bivalve and gastropod species (top of the bars) in 11 intertidal areas from north to south of Kuwait based on the grouping in Table 3 and Fig. 7 ; BI = Boubyan, FI = Failaka Island, KI = Kubbar Island, QI = Qaruh Island, UI = Umm Al-Maradim Island.
Results
General diversity
The Mollusca ranked second in terms of number of living species in the intertidal area after the Annelida. A total of 271 species belonging to five classes, 26 orders, and 87 families were identified of which 211 were collected living. The gastropods were represented by 104 living species; the bivalves by 100 living species; three living species of polyplacophorans and two living species were recorded for each of the scaphopods, and cephalopods. Although dead shells were not targeted by the sampling, they were kept and identified bringing the total species identified to 271. A complete list of all identified taxa is given in Table 2 .
Distributions of both Bivalvia and Gastropoda followed similar patterns with respect to high, mid, and low intertidal zones. The highest frequency of occurrence, species richness, evenness, and diversities occurred at the low intertidal zone and the lowest numbers occurred at the high intertidal zone. The number of sites from which each species was recorded, the habitat and the tidal zone for each recorded molluscan species are shown in Table 2 . 
New records for science, the Arabian Gulf and Kuwait
Many molluscan species were reported for the first time for Kuwait waters and the entire Arabian region. A total of 61 molluscan species including 21 bivalves, and 40 gastropods are listed (Table 2 ) as new to Kuwait; most are micro-species or from cryptic habitats. Confirmation of their status cannot be made without a complete review of the Glayzer/Smythe collection in London and that made by Behbehani & Ghareeb now in Kuwait University. Of these, 5 bivalves are recorded from the Arabian Gulf for the first time and many of the micro gastropods are probably also new to the Gulf. A more detailed discussion of the taxonomy of the Kuwait molluscs will be found below.
Distribution and abundance
The number of molluscan species differed among transects (Fig. 2) . In the mainland transects, the highest number of species were found in Musfat Al-Ahmadi (MAH) with 81, Al-Nuwaiseeb (NUW) with 76 species, Al-Messilah (MES), and Failaka Island east 1 (FI3) with 62, Ausairij (KB4), and Ras Ajuza (KB7) with 55, Finatees (FNI) with 48, Failaka Island northwest (FI1) with 47, Sha'ab (SHA) and Abu Halifa (AHA) with 46 species for each transect. In the Island transects, the highest number of species was found in Failaka Island (FI) followed by Kubbar (KI), Umm Al-Maradim (UI) Boubyan Island (BI) and Qaruh island.
Based on grouping transects in areas (Table 1 and Fig. 1) , the highest total number of species was in the Middle 2 (Fig. 2) followed by, in descending order, South, KB-Rock, Failaka Island (FI), Middle 1, North, KB-Mud, Kubbar Island (KI), Umm Al-Maradim (UI), Boubyan Island (BI), and Qaruh Island (QI) species.
Based on transect grouping by area (Table 1 and Fig. 1 ), the highest total number of gastropod species was in Failaka Island (FI) (Fig. 3) followed by Middle 2, Bay Rock (KB), South, Middle 1, Kubbar Island (KI), North and Umm Al-Maradim (UI), Bay-Mud, Boubyan Island (BI), and Qaruh Island (QI).
Based on grouping transects by areas (Table 1 and Fig. 1 ), the highest total number of bivalve species was in the Middle 2 (Fig. 3) followed by South, Bay-Rock (KB), Failaka Island (FI), Middle 1, North, Bay-Mud, Boubyan Island (BI), Umm Al-Maradim (UI), Kubbar Island (KI) and Qaruh Island (QI) species.
Species richness varied greatly between sites often those in close proximity of each other. Within Kuwait Bay (Fig. 4 ) the site at Sulaibikhat was especially impoverished while there was a general trend of decreasing richness to the west. The richness of the sites south of Kuwait Bay (Fig. 4) to the border with Saudi Arabia shows no trend but there were two sites that were much more impoverished than the others; those at Salmiyah and Dohat Al-Zor.
The common Mollusca families and species
The most widely distributed molluscan families identified in the more than half of the 36 transects in descending order were Mytilidae, 25 transects; Planaxidae and Pteriidae, 21 transects; Veneridae, Malleidae and Turbinidae, 19 transects; Chilodontidae and Arcidae, 18 transects; Trochidae, Trapezidae, and Pholadidae, 16 transects; and Cerithiidae from 15 transects.
The most widely distributed molluscan species in descending order were Brachidontes pharaonis from 25 transects, Ergalatax juionae, 22 transects; Planaxis savignyi, Leiosolenus tripartitus and Pinctada radiata in 21 transects; Lunella coronata, Irus macrophylla, Malleus regula in 19 transects, Cerithium caeruleum, Euchelus persicus, Acar plicata and Petricola flabagella in 18 transects, and Clypeomorus persica in 17 transects (Table 3) 3.3.1.1. Bivalvia. The class Bivalvia was represented by 100 living species belonging to 5 subclasses, 9 orders, and 33 families. The Family Veneridae was the best represented with 18 species, followed by Mytilidae (13 species), Tellinidae (7), and Semelidae (6). Sixteen families were represented by just a single species.
The most frequently occurring species were B. pharaonis, followed by L. tripartitus and P. radiata (Table 4 ). Both B. pharaonis and L. tripartitus occurred most frequently in the low intertidal zone and were present in 18 of 36 transects (50%). In all cases except one, frequency of occurrence increased from high intertidal to low intertidal. The exception was Neotrapezium sublaevigatum, which was most prevalent in the mid intertidal area (Table 4) . A selection of the common bivalves is illustrated in Plate 1.
The number of bivalve species varied among different transects. For the mainland transects, the highest number of species in descending order was found in Musfat Al-Ahmadi (MAH) with 45, Al-Nuwaiseeb (NUW) with 40 species, Al-Messilah (MES) with 33, Ausairij (KB4) and Abu Halifa(AHA) with 31, Ras Ajuza (KB7) Table 3 The most frequently occurring Mollusca species overall and at three different Intertidal height locations for 36 Sites; the numbers in parentheses represent relative ranks, and the species are ranked alphabetically if their occurrences are the same. The habitat, habit and feeding guild are presented. Table 4 The 10 most frequently occurring Bivalvia species overall and at three different intertidal heights; the numbers in parentheses represent relative ranks, the species are ranked alphabetically if their occurrences are same.
Species list Transect Low zone Mid zone High zone
Brachidontes pharaonis 25(1) 18(1) 14(1) 6(1) Leiosolenus tripartitus 21(2) 18(2) 9(6) 5(4) Pinctada radiata 21 ( The most frequently occurring gastropod species was Ergalatax junionae followed by and P. savignyi and L. coronata. These three gastropods were found at 22, 21, and 19 of the possible transect intertidal locations, respectively (Table 5) . With two exceptions, gastropod presence at an intertidal site increased from high to low tide. The exceptions were C. persica and Pirenella arabica, which were more frequently collected in the mid intertidal zone than in the lower intertidal zone (Table 5) . A selection of the common gastropods is illustrated in Plate 2.
The number of gastropod species differed among transects. For the mainland transects, the highest number of species was found in Musfat Al-Ahmadi (MAH) and Failaka Island east 1 (FI3) with 35, followed by Al-Nuwaiseeb (NUW) with 34 species, and 
Quantitative data
Quantitative sampling produced 105 species of molluscs comprised of 70 bivalves, 33 gastropods, and 2 Polyplacophora (chitons). Representatives of the Classes Scaphopoda and Cephalopoda were not collected quantitatively. Gastropods and bivalves were present at all intertidal levels, but were about twice as abundant in the mid and low intertidal zones when compared to the high intertidal zone. Overall, gastropods were twice as dense as bivalves (27,902 vs. 12,656 per 108 m 2 ), but this ratio varied with respect to intertidal height. Gastropods outnumbered; bivalves 6:1 at the high intertidal zone, and 2.6:1 at the mid intertidal zone. Numbers were nearly equal at the low intertidal zone. Overall, species richness was higher for bivalves than gastropods, but evenness and diversity were about the same. Species richness for gastropods and bivalves decreased from low intertidal to high intertidal locations. Diversity indices increased from high tide to mid tide locations, but not necessarily from mid tide to low tide locations. The quantitative data for each molluscan group at each tidal zone are summarised below in Table 6 .
Bivalvia
Quantitative samples produced 70 species of Bivalvia representing 29 families. The Family Veneridae was best represented (Table 7) followed by L. tripartitus and P. flabagella.
Densities of both B. pharaonis and L. tripartitus were higher in the mid intertidal area than either the high or low intertidal areas ( Table 7) . The other species among the top ten whose density was highest in the mid intertidal zone was N. sublaevigatum. Densities of the other species increased from high to low intertidal heights (Table 7) .
Gastropoda
Quantitative samples produced a total of 33 species of gastropods representing 21 families. The best represented families were Muricidae and Trochidae, each with five species, followed by Cerithiidae with three species, and Chilodontidae and Fissurellidae with two species each. The remaining 16 families were each represented by a single species. The overall most abundant species was E. arabica, which was twice as abundant as Umbonium vestiarium, the next most numerous species. Densities of U. vestiarium and C. caeruleum, the third most abundant gastropod, were about the same (Table 8 ). With densities of 182 m −2 , E. arabica was also the most abundant species at the high intertidal zone. Densities of this species dropped by a factor of 10 in the middle intertidal zone and to nearly zero at the lower intertidal areas. The most abundant species at the middle intertidal zone was U. vestiarium with densities of 101 m −2 . Densities of U. vestiarium at the highest and lowest intertidal areas were <1 m −2 , showing that this species was a mid-intertidal specialist. Two species of Cerithium dominated the lower intertidal zone. C. caeruleum and C. scabridum exceeded 50 individuals m −2 (Table 8) .
Discussion
Diversity differences
The results show some marked differences in the number of species recorded at the sites and the compositions. Of greatest influence is the gross habitat of the shores such that soft sediment sites have much lower numbers of species (Fig. 2) . The sites around Boubiyan (BI1-3), Northern Kuwait Bay (KS1-2) Inner Kuwait Bay (KB1-2) are dominated by extensive soft muddy shores and included in this group can be Sulaibikhat Bay (KB5) although in addition it is often polluted by sewage discharge. Although not a muddy intertidal that at Dohat A-Zor (DZO) is mainly of coarse sand on a steeply sloping beach where the habitat is uniform and species poor. These soft sediment shore are dominated by the Bivalvia with species numbers typically twice that of the gastropods (Fig. 3) .
Elsewhere is a general pattern of the southern shores of Kuwait Bay being less diverse than those of the south coast (Fig. 4) . Kuwait Bay is dominated by Kuwait City with extensive sea-defences and other anthropogenic influences as well as having turbid conditions. The low diversity found at Salmiya (SAL) is also due to the urbanisation of this suburb and the considerable recreational use of its beaches. The intertidal areas of Aushairij and Ras Ajuza are the most species-rich transects in Kuwait Bay, here is a complex mosaic of soft sediment flats overlying rock to various depths. At the lower shore, emergent rocks and boulders are present many encrusted with calcareous tubeworms. In places small scale reefs are formed by this tube-worm (Spirobranchus kraussi Baird) and these create another cryptic environment for small molluscs including the pyramidellid Egilina, which is an ectoparasite on the tube worm.
The southern coast is less developed and has more open wave washed shores with less turbid water. There is, however, considerable variation between shores on this sector despite all being of a similar formation of beach rocks interspersed with patches of soft sediment. Variations in qualitative collecting effort may play a role in these variations and the influence of collecting in cryptic habitats can be considered. Collecting in cryptic habitats for micro species was carried out across all sites so cannot be the cause alone. The majority of the micro gastropods were collected only at single sites but despite their rarity they were often very diverse with for example the Pyramidellidae contributing 14 species overall. The presence of intertidal sponges and seaweeds on the shores of Failaka were especially rich in micromolluscs. Micro-molluscs were also prominent in the malacofaunas of Mina Ahmadi and Nuwaiseeb. The hidden diversity of these small species was also noted from the Red Sea where the diversity of molluscs in reef flats was studied (Zuschin and Oliver, 2005) . That study also found that many small species were undescribed and that the malacofauna was probably under-estimated (Zuschin and Oliver, 2005) .
The outer islands var markedly with all of the smaller ones surveyed being species poor while the largest Failaka was one of the richest sites examined in the survey. The intertidal of Failaka is almost unique in having remnants of intertidal corals as well as many intertidal sponges. These provide a complex three dimensional habitat populated by many gastropod species and Failaka recorded the highest number of gastropod species. The contrasting paucity on the smaller islands is probably a result of the restricted extent of the intertidal zone.
In Table 7 the dominance of the endolithic bivalves Aspidopholas, Petricola, Leiosolenus is evident A second form of cryptic environment is created by these rock boring in the form of a complex three dimensional environment largely protected from extremes of temperature and predation. When the burrows are vacated they are then populated by a variety of dwelling of species such as Cumingia, Irus, Neotrapezium, Venerupis, Asaphinoides and many unidentified small gastropods. Table 8 indicates the dominance of surface living gastropods of the families Cerithiidae, Trochidae, Turbinidae and Muricidae. The former three families are all grazing on micro-algae or on surface films while only the muricids are carnivorous feeding primarily on tube worms and bivalves. E. junionae and T. savignyi both feed B. pharaonis and S. kraussi (Alsayegh, 2015) while Hexaplex rileyi was also observed on oysters (pers. comm.).
Overall four sites are marked out as having the highest diversity, in sequence these are Masfat Al-Ahmadi (MAH), Al-Nuwaiseeb (NUW), Al-Messilah (MES) and Failaka Island (FI3). All four sites are primarily rocky shores with areas of soft sediment in southern or offshore locations distant from Kuwait Bay. It may be coincidental that the site at Masfat Al-Ahmadi is restricted from public access and this will certainly deter any casual collecting of edible species. Failaka is the only site where remnants of intertidal corals are present and it is further unusual in having many intertidal sponges., both habitats likely to host numerous small species of mollusc.
Comparisons through time
Inventories and faunal surveys are necessary tools for the estimation of environmental change. Among marine invertebrates the Mollusca have an extensive temporal record although in the Arabian Gulf the data are sporadic and inconsistent. The present survey provides the first repeatable quantitative assessment but comparison with older qualitative studies is restricted to species numbers and rather subjective abundance values. However, such comparisons were made for the UAE by Grizzle et al. (2018) and were justified in that there are no other data available, while accepting that such comparisons were limited.
There are only three comparable studies (Al-Bakri et al., 1985; Glayzer et al., 1984; Behbehani and Ghareeb, 2002) . We have excluded Jones (1986) because it is a field guide and does not purport to be comprehensive. The Behbehani & Ghareeb study has not yet been openly published but is in prep (Behbehani, Ghareeb & Oliver, in prep) . Table 9 compares the number of species found by each survey. Comparisons of the aforementioned data sets can only be done at a superficial level for a number of reasons. For the earlier studies by Al-Bakri et al. (1985) and Jones (1986) , no voucher material was available. It was therefore not possible to verify the identifications of any of the species cited by them. This is particularly disappointing for the Al-Bakri study, where numerous taxa were identified only to the genus or family level. A taxonomic review of the Smythe collection, which contains the material from the Glayzer et al. (1984) study, was beyond the scope of this project making some comparisons tentative. The study by Behbehani & Ghareeb was focused on the Mollusca alone over a four-year period. The collection is maintained in Kuwait University and the that report illustrates each species.
The relative effort involved between the Glayzer et al. (1984) study and the current study differs substantially. The Glayzer study concerned molluscs alone and was carried out over a 10year period; sites were visited repeatedly throughout the year, and special effort was made to find small and rare species. The Behbehani and Ghareeb (2002) study also only focused on the Mollusca and was similar to that of Glayzer, but carried out over a shorter time period of four years. The present study sampled the total intertidal fauna over a period of 3 years with most effort on quantitative data and relative tidal zone during only late autumn and winter seasons. These differences need to be considered when making comparisons (Table 9 ). The time gap between the Glayzer and Al-Bakri studies and the present study is roughly 30 years. Glayzer et al. (1984) study recorded the highest number of species, but 55% were represented by dead shells, giving a total of living species as 194. Behbehani and Ghareeb (2002) recorded 309 living species. In the present study, only 20% were recorded from dead shells giving a living total of 218 living species. Both Comparisons of relative abundance between the present study and those of Glayzer et al. (1984) and Behbehani and Ghareeb (2002) . The list is ordered in descending frequency of occurrence in this study. Glayzer et al. (1984) and Behbehani and Ghareeb (2002) note the large number of taxa represented by small rare species. These are more unlikely to be found in a quantitative survey and their rarity makes them unsuitable for monitoring purposes. Changes in the intertidal are better reflected in the numbers and distribution of common species. Glayzer et al. (1984) provided relative frequency information in a 5-point scale from Abundant-Common-Frequent-Occasional-Rare (Table 10 ). In Behbehani and Ghareeb (2002) abundance can be inferred from the number of sites a species is recorded from. Table 9 lists all the abundant and common species from all three surveys; for Behbehani & Ghareeb all species found in more than 14 of the 27 (52%) transects are included and from the present survey all species that were found in more than 50% of the sites. In general, there was considerable congruence between the abundant and common species in both surveys.
Species
There were, however, some discrepancies. Some of the larger infaunal bivalves were considered common by Glayzer, notably Callista, Marcia, and Tapes, but these were not common in the present survey or in Behbehani and Ghareeb (2002) .
The temporal changes noted here are not quantified but a number of factors may be involved. It is known that there have been environmental changes in water quality: Devlin et al. (2015) report on long term changes in water quality; Lyons et al. (2015) more specifically on pollution by sewage and Al-Sarawi et al.
(2015) on long term contaminants. Al-Yamani et al. (2017) and Allosaur and Pokavanich (2017) review the hydrographic changes and specifically the changes in salinity related to the Shatt Al-Arab River discharges. Increasing salinity, turbidity and nutrification are likely to be deleterious to many molluscs through altering the physical environment, increasing physiological stress and feeding patterns.
The past decline of the Pinctada stocks is testament to the population declines that follow over-exploitation (Al-Shamlãn, 2000) but while casual artisal collection of edible molluscs is evident (Personal observation, M. Al-Kandari) there are no data on its extent or impact Another obvious but as yet un assessed feature is the extent of ribbon development along the coast including the removing of rocks and dumping of desert sand to create bathing beaches.
Comparisons within the Arabian peninsula
There are no directly comparable studies from the Arabian Gulf although there are studies on molluscan communities from localised sites. Salehi et al. (2015) reports on the inter-tidal gastropod fauna of a bay on the north-east coast of Iran on a latitude equivalent to that of Kuwait. Only seven species of gastropod were recorded of which two stated as dominant were not recorded in the present survey of Kuwait.
The next adjacent surveys are from Saudi Arabia (Hasan, 1996) and from Tarut Island, Saudi Arabia at 26 • 34N some 200 km south of Kuwait (El-Sorogy et al., 2016) . Both sampled mollusca from live and dead shells and recorded the former recording 62 gastropod species and 68 bivalve species and the latter 30 gastropods and 32 bivalves. As in Kuwait the Cerithiidae was the dominant gastropod family but for the bivalves the Veneridae were most numerous. The extensive sand and muddy sand flats found on the Saudi Arabian coast contrast with the much softer sediments around Kuwait and this may be the reason behind the paucity in numbers of venerids in Kuwait.
In a most recent study from the UAE Grizzle et al. (2018) identified only 27 living gastropod species and 22 living bivalve species and as above the gastropod fauna is similar to that of Kuwait but the bivalve fauna once again reflects the presence of extensive sand flats not seen in Kuwait. Grizzle et al. (2018) concluded using comparisons with early checklist data from the 1960s and 70s that there had been considerable changes in the molluscan fauna due to anthropogenic alterations of the coastline.
In Qatar a project limited to the gastropod fauna revealed that the rocky shore community was very similar to that of Kuwait with similar dominance (Al-Maslamani et al., 2015) . The methodology used was different using the Rapid Assessment Survey of Smith (2005) and also including dead shells. A much earlier study from Qatar by Mohammed and Al-Khayat (1994) which takes the form of a checklist with relative abundance recorded only 41 gastropod species and 27 bivalve species. Once again there is considerable commonality with the gastropod fauna of Kuwait but once again the bivalve list indicates the presence of sand flats.
One study recently intensely examined the living and dead molluscs from a two sites in the UAE (Garcia-Ramos et al., 2016). Both sites are described as carbonate tidal flats, so are primarily of sandy sediments with some beach rock and scattered mangroves. This methodology makes use of the taphonomic assemblages from which changes in species composition and abundance can be measured. This spatially restricted survey did reveal a rich fauna with 77 gastropod species and 55 bivalve species. Unfortunately the systematic collection of dead shells was not included in our survey, its scope already being extensive. One observation, from Boubiyan, may reflect the potential of studying taphonomic assemblages for here there are dense aggregations of long dead Placuna shells, a species that was not found alive in our survey.
From the comparisons with the above surveys it can be seen that the inter-tidal molluscan fauna of Kuwait is not simply a reflection of that of the Arabian Gulf as a whole. While there is considerable similarity for the rocky intertidal gastropods the soft sediment communities are rather unique to Kuwait. The fine muddy sediments and turbid waters of Kuwait Bay and the areas adjacent to Boubiyan are not present elsewhere and it is these sediments that we find species not seen elsewhere in the Gulf such as Congetia chesneyi, Protapes cor, Tellimactra edentula and Bullia n. sp.
Taxonomy
Given that the molluscan fauna of the Gulf has been investigated for over 100 years, it should not be surprising that the number of species new to science discovered in the current project was low. This does not infer that the taxonomy is resolved and some major problems require resolution, made more conclusive by the use of molecular methods.
Of most importance is the need to clarify the identity of the reef-forming oyster that is such a prominent feature of the intertidal areas in Khor Al-Sabiya and Boubyan Island (Plate 3a, b). This oyster is not the Saccostrea cuccullata (Plate 3d) that is common on the artificial shores around the urbanised areas. Rather it is dominant in the turbid areas and may be the same oyster that attaches to dead shells lying on the mud on the northern shores of Kuwait Bay. The true identity of this oyster has never been confirmed, and the literature records are inconsistent. It is not known if this oyster is unique to the northern Gulf, or to the Gulf as a whole, or if it is found elsewhere in the northern Indian Ocean. This oyster could be a key indicator species but without its true identity would render ecological studies and conservation management difficult. This is further exacerbated by not knowing how many species are present in Kuwait waters and a small elongated species living under rock on Miskan Island (Plate 3c) is a further example of the taxonomic problems posed by the oysters.
The genus Clypeomorus is a dominant feature of the intertidal but these like the cerithiids in general are taxonomically difficult. We have recognised two species of Clypeomorus (Plate 3e & f) from shell characters but this needs confirmation with molecular data. Beyond separating these two forms their relationships to other populations in the Arabian Gulf and Indian Ocean are unclear. Once again unresolved taxonomy renders the use of this dominant species problematic.
At one time it was considered that the malacofauna of the Arabian Gulf was a subset of that found in the Arabian Sea but increasingly Gulf populations are being given separate species status based on shell characters. Typical of this is the example of H. rileyi and H. kusterianus, the former now erected as a species restricted to the Gulf. Confirmation of the separation of these and other species pairs using molecular techniques is recommended. It is important to discover how unique the Gulf fauna actually is.
Some previously recognised species are now considered to be undescribed. Species identified as Anadara cf. ehrenbergi (Plate 3h), Musculus costulatus, Bullia sp.(Plate 3g), Notochlis sp., and Vanikoro sp. require description.
Small and cryptic species are most likely to be undescribed, and this is the case with the three, minute, species of bivalves belonging to the genus Mysella. Many of the micro-gastropods might be undescribed, but careful comparison with shells described by Melvill from the Gulf of Oman is needed for confirmation. Given that Melvill listed only a few species from Kuwait, it is likely that these micro-gastropods are all first records for Kuwait and perhaps for the Gulf.
Taxonomic congruence
One of the most negative influences on creating inventories is the lack of taxonomic congruence between projects. This arises through the use of differing identification tools, changes in taxonomy and nomenclature and misidentification. Arriving at an inventory by amalgamating all taxa recorded across numerous publications will vastly overestimate the fauna. For the Red Sea Oliver (1992) estimated that there were at least three names for every species present. The only certain method to resolve such over estimation is to examine voucher collections or highquality images from each project. Sadly voucher collections are not always kept as here for the study by Al-Bakri et al. (1985) and the field guide by Jones (1986) . Often collections are kept but not in the public domain making access difficult or the location of voucher material may not be obvious from the publication. The latter is true for the material collected by Glayzer et al. (1984) which was eventually deposited in the Natural History Museum, London as part of the Kathleen Smythe collection. The pertinent material is however not isolated making any examination requiring sorting through many thousands of samples from a wide variety of locations. Without such congruence the estimation of change within a fauna is rather subjective.
Comparisons between faunas are made equally difficult. To illustrate this the intertidal fauna of Qatar (Mohammed and Al-Khayat, 1994) , that lists 70 species, is compared with the names used in the present survey. Thirty-seven, more than half, species names are not in common with the current survey. Does this really indicate such a difference between the intertidal faunas or is much due to lack of congruence? This paper urges the creation of a national collection, open to all researchers, in Kuwait where voucher specimens can be deposited and examined.
